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Abstract 
There is growing evidence that aerosols have profound effects on radiative and thermodynamic systems of the 
atmosphere. In this study, the effects ( direct, semi-direct and indirect) of aerosols are simulated over Chiba city 
region using WRF-Chem for the year 2011. Results show that the indirect effect supersede the direct radiative 
effects of aerosols. Ground-based shortwave (SW) downward flux measurement (SKYNET) shows substantial 
decrease in SW flux during summer due to increased cloud coverage as compared to an aerosol-free atmosphere. 
Increased cloud coverage also affects the outgoing longwave radiation during summer, however, it does not seem 
to have considerable effect on the longwave downward flux. On its effect on near-ground temperature, aerosols in 
the fine and coarse modes tend to increase and decrease near-ground temperature, respectively. 
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1. Introduction 
Atmospheric effects of aerosols are one of the 
major uncertainties in our current understanding of 
Earth's climate system (IPCC, 2007). Aerosol 
radiative forcing remains at an uncertainty of -0.5+/-
0.4Wm-2 while radiative forcing due to greenhouse 
gases is at 2.63+/-0.26 wm-2 (Forster et. al., 2007). 
Recently, there is growing evidence that aerosols have 
profound effects on radiative and thermodynamic 
systems of the atmosphere (IPCC, 2007). These 
effects include reduction in solar radiation ( direct 
effect), changes in near surface temperature as well as 
planetary boundary layer height (semi-direct effect), 
reduction in cloud droplet size and an increase in 
cloud droplet number concentration that can lead to 
changes in cloud albedo and lifetimes (indirect effect) 
(Isakzen et.al., 2009). 
While most aerosol simulation studies focus on past 
air pollution episodes, only a few deal with the 
feedback effects of aerosols. For instance, Chapman 
et. al. (2009) investigated the influence of elevated 
aerosol sources on summertime aerosol forcing and 
cloud and aerosol interaction in northeastern America. 
Zhang et. al. (2010) simulated aerosol-climate 
feedback effects over the continental USA for January 
and July of 2001. Goto et. al. (2012) analyzed the 
effect of aerosol loading on the relationship between 
SW downward flux, atmospheric optical thickness and 
single scattering albedo. In this study, we used an 
online-coupled chemical transport and radiation model 
(WRF-Chem) to investigate the monthly variation of 
aerosol direct, semi-direct and indirect effects for the 
year 2011 in Chiba City region. 
2. WRF-Chem Model 
Weather Research and Forecast (WRF) 
(http://www.wrf-model.org) is a mesoscale numerical 
weather system designed for both operational 
forecasting and atmospheric research applications with 
horizontal resolutions ranging from meters to 
thousands of kilometers. It is a non-hydrostatic model, 
with several dynamic cores including a fully mass and 
scalar conserving coordinate version that is widely 
used in air quality prediction applications. WRF also 
includes various choices for physical 
parameterizations to represent atmospheric processes 
(i.e. microphysics, cloud, radiation, etc.). 
The chemistry component of the WRF-Chem (Grell 
et. al., 2005) is a regional air quality modeling system, 
which is being continually developed by NOAA 
(National Oceanic and Atmospheric Administration of 
USA) and several other research institutes 
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(http://ruc.noaa.gov/wrf/WG11/). The model treats the 
processes of transport (advective, convective and 
diffusive), wet and dry deposition, chemical 
transformation, em1ss10n, photolysis, aerosol 
chemistry and dynamics, etc. Detailed description of 
the model is found elsewhere (Grell et. al., 2005). In 
the past, chemical transport models treated the 
meteorological and chemical processes separately. 
Typically the meteorological model was first 
considered, after which a chemical model is supplied. 
WRF-Chem is fully consistent with the meteorological 
component, having the same transport scheme, same 
time steps, same horizontal and vertical grids and 
same physical schemes for sub-grid scale transport. 
This enables users to see the feedback mechanisms 
between chemistry, radiation, cloud and climate. 
3. Method 
In this study, we simulated the atmosphere over 
Chiba City area with and without the existence of 
aerosols. The effects of these 2 conditions on the 
overall state of the atmosphere are analyzed and 
contrasted. Moreover, some observed radiative and 
meteorological parameters are compared to the 
simulated atmosphere. These parameters include the 
shortwave SW and longwave LW downward flux 
observations, outgoing longwave radiation (OLR), 
cloud cover and near-surface temperature. 
3.1 Observational data 
To assess the radiative effects of aerosol, SW and 
LW downward flux observations by SKYNET 
(http://atmos.cr.chiba-u.ac.jp/index.html) in Chiba was 
used. The observation sites of SKYNET are located 
mainly in East Asia from Mongolia to Thailand as well 
as in Japan. Observation sites include such 
instruments as skyradiometer, pyranometer, 
pyrgeometer, etc. The data observed at each site are 
collected into a site server and then transfered using an 
internet for super sites and sent by off-line 
transportation for other sites. These data are archived 
into a SKYNET server in Chiba University and then 
open to the public. Suspended particulate matter 
(SPM) concentrations are collected from the 
Atmospheric Environmental Regional Observation 
System (AEROS) which covers the whole of Japan 
(http://soramame.taiki.go.jp/). AEROS has 124 sites 
all over Chiba prefecture and data can be freely 
downloaded from their website. Meteorological 
observations used in this study are from the Japan 
Meteorological Agency's (JMA) Automated 
Meteorological Data Acquisition System (AMeDAS). 
AMeDAS is a surface observation network used for 
gathering regional weather data throughout Japan. 
3.2 Domain configuration and Initial and boundary 
condition 
The simulation domain for this study extends from 
29.45°N to 46.18°N and 126.52°E to 148.48°E, 
covering the main islands of Japan (i.e. Honshu, 
Kyushu, Hokkaido and Shikoku; excluding Okinawa). 
The model run has a horizontal grid spacing resolution 
of 22 km. The meteorological initial and boundary 
conditions are from the National Center for 
Environmental Prediction (NCEP) Final Operational 
Model Global Tropospheric Analyses (FNL) data, 
available every 6 hours at 1 °xl O grid spacing resolution 
(http://dss.ucar.edu/datasets/ds083.2/). Anthropogenic 
emissions for gaseous species and aerosols were from 
the global emission inventory data for the year 2005 
compiled and distributed by the Database for Global 
Atmospheric Research (EDGAR) system 
(http://www.mnp.nl/edgar) and Reanalysis of 
tropospheric chemical composition (RETRO) 
(http://retro.enes.org/index.shtml). 
3.3 WRF-Chem Model Configuration 
Table 1 summarizes the configuration used in the 
simulation. 
Table 1: WRF-Chem configuration options 
Process 
Microphysics scheme 
Longwave radiation 
Shortwave radiation 
Surface layer 
Land surface 
Boundary layer 
Cumulus 
parameterizations 
Aerosol chemistry 
WRF-Chem Options 
Lin et. al. 
RRTM scheme 
Goddard 
Monin-Obukhov 
Noah Land Surface 
Model 
Yonsei 
scheme 
Grell 3D 
University 
MADE/SORGAM (Tri­
modal) 
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4. Results and Discussion 
Atmosphere over the Chiba City area was 
simulated with the following conditions: (1) 
aerosol-free atmosphere hereon denoted by 
"noChem" and (2) aerosol including gas chemistry, 
referred to as "wChem", as calculated using the 
global emission inventories RETRO and EDGAR, 
including sea-salt, DMS and dust aerosols. Fig. 1 
shows the daily-averaged downward SW Flux from 
January 1 to December 31 of 2011. 
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Fig. 1 Observed and simulated daily downward SW 
Flux variation for the year 2011. 
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Fig. 2 Observed and simulated monthly-averaged 
downward SW Flux for the year 2011. 
Figure 2 shows the monthly-averaged downward 
SW Flux for the year 2011. The graph shows a 
consistent over-estimation bias of the WRF-Chem 
model in estimating ground SW flux as compared to 
observations of SKYNET. However, for the months 
of August and September, there was an apparent 
difference between noChem and wChem 
simulations, where aerosol-free condition simulation 
shows larger calculated values of downward SW 
flux. This apparent difference is not seen in fig. 3, 
which is the monthly-averaged downward LW flux 
for the same year. 
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Fig. 3 Observed and simulated monthly-averaged 
downward LW Flux for the year 2011. 
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Fig. 4 Simulated monthly-averaged cloud cover over 
Chiba City area for the year 2011 
Figure 4 shows the simulated monthly cloud cover 
over Chiba city area. Here, it is apparent that 
simulated cloud cover for the aerosol-loaded 
(wChem) atmosphere is more than two times higher 
than the aerosol-free (noChem) simulation. This 
resulted to a lower SW flux for the aerosol-free 
atmospheric simulation. However, the 
underestimation of the aerosol-free condition has no 
apparent effect on the downward LW flux as seen in 
Fig. 3. 
Although SKYNET has no OLR, simulated OLR 
for aerosol-free and aerosol-loaded atmosphere as 
shown in fig. 5 also shows differences in their 
values for the months of August and September. 
This time, simulated OLR is higher for the noChem 
run. This is still due to the higher cloud cover for 
the 2 summer months resulting from the existence 
of aerosols in the atmosphere. 
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the months of August and September due to the 
higher cloud cover that compensated supposed 
increase of temperature from the wChem simulation 
run. Separate wChem simulations with only fine 
aerosols and fine plus coarse aerosols showed that 
coarse aerosols slightly reduce near ground 
temperature. 
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